
KONGERIKET NORGE 

The Kingdom of Norway 



REC'D 1 9 JUL 200'! 



WIPO 



PCT 



Bekreftelse pa patents0knad nr 

Certification of patent application no 



V 



20CX33a^ 



[> Det bekreftes herved at vedheftede 
dokument er n0yaktig utskrift/kopi av 
ovennevnte s0knad, som opprinnelig inngitt 
2003.07.02 



[> It is hereby certified that the annexed 
document is a true copy oftlte above- 
mentioned application, as originally filed 
on 2003.07,02 



2004,07.13 



Line Reum 
Saksbehandler 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMTTTED IN 
COMPLIANCE WITH RULE .17.1(a) OR (b) 




PAJEtlfStYRET 



03-G7-G2'^20033034 



HLA>aJTH 



02.07.2003 



-2 Ml 



.; . E30643 



Kvaemer Oilfield Products a.s 
Eureka Pump Systems 

Joseph Kellers vei 20 
3408 Tranby 



Oppfinuere: Kjell Olav Stinessai 
Svendsekroken 9D 
3408 Tranby 



Subsea compressor module 



HSkon Skofteland 
Krabberudbakken 17 
1337 Sandvika 



1 



15 



The present invention relates to subsea compressor modules for compressing hydro car- 
bon gases in a wellstream, and more specificaUy to a subsea compressor module com- 
prising a pressure housing, a compressor and a motor separated by a sealing element 

Subsea compressors which are driven by electric motors raise problems of keeping the 
gas-filled electrical motor as dry as possible, in order to avoid corrosion and other prob- 
lems related to precipitation of hydrocarbon condensates and Hquid water inside the 
motor. It is of particular importance to avoid presence of Hquid water together with con- 
tent of H2S or CO2 that can form acids and hence accelerated corrosion. These problems 
are addressed in Norwegian Patents NO 172075 and NO 173197. as well as Norwegian 
Patent AppUcation 20015199. 

Known subsea compressor modules employ regular oil lubricated bearings or similar. 
The inventor has explored the possibihties of employing magnetic bearings in such sub- 
sea compressor modules, as this will have several benefits particularly during operation. 
Magnetic bearings are more rehable and less expensive to operate. Of particular impor- 
tance is that application of magnetic bearings eUminates lube oil, and therefore potential 
problems that can occur by: dilution of the lube oil of the hydrocarbon gases that it is in 
20 contact with, accumulation of hydrocarbon condensates or water in the lube oil or deg- 
radation of the lube oil over time due to its special appUcation in subsea compressor 
modules. The problem encountered in employmg non-canned magnetic bearings in a 
subsea compressor module is in many respects similar to those associated with employ- 
ing elecfric motors: both need a completely dry atmosphere in order to function properly 
25 over time. Canned magnetic bearings also exist or are under development. It is claimed 
that these can operate in the untreated wellstream hydrocarbon gas. There are, however, 
reasons to beUeve that it is advantageous for the long term functionality and reliabihty 
also of these type of magnetic bearings if they are mstalled and operated in a dry atmos- 
phere. 

30 

It is therefore a need for a system and a method for insuring a completely or nearly 
~~ completely dry environment for the electric motor and for the magnetic bearings. 

The present invention meets the abovementioned need, in that it provides a subsea gas 
35 compressor module having a pressure housing, which comprises an electric motor and a 
compressor, driveably connected by at least one shaft, said compressor and motor being 
mutually isolated by at least one seal, thereby dividing said pressure housing into a first 



and a second compartment comprising the compressor and motor respectively. The sub- 
sea gas compressor according to the invention is characterised in that said at least one 
shaft is supported by magnetic bearings, controlled by a control unit, wherein said bear- 
ings are placed inside the pressure housing of the compressor module. The electronics 
and electric components of the magnetic bearings are placed inside a separate pressure 
housing close to the compressor module. This pressure housing is filled by an inert gas, 
typically nitrogen, or an inert liquid, and have an inside pressure in the range of one bar, 
or in the range that the electronic components can tolerate. There are a significant num- 
ber of wires between the housing for the magnetic bearing electronics and the compres- 
sor module housing. These wires supplies the magnetic bearings with a controlled mag- 
netization current, as well as transmits signals firom sensors of the magnetic bearings to 
the control electronics in the pressure housing for the magnetic bearings electronics. 
Special penetrators through the walls of the pressure housings prevents ingress of sea 
water. The wires between the pressure. housing of the electronics and the compressor 
module can either be coimected with subsea mateable connector, or can be connected 
dry. 

The subsea gas compressor according to the invention is fiuthermore comprising a seal- 
ing element, generally defining within said pressure housing a first compartment hold- 
ing a compressor, and a second compartment holding an electric motor, said compressor 
and motor being driveably connected by at least one shaft; said first compartmmt being 
connected to an inlet line and an outlet line for receiving gas and discharging gas, re- 
spectively; said inlet and outlet lines comprising respective valves for closing said lines. 
The subsea gas compressor according to the invention is characterised by magnetic 
bearings in said compartments for supporting said at least one shaft; a pressure and vol- 
ume regulator fluidly connected to said second compartment and to a gas supply of gas 
and comprising means for sensing respective pressures in said inlet and outlet lines, 
whereby, based on the magnitude of said sensed pressure, the pressure and volume 
regulator control the pressure at which gas firom said supply is injected into said second 
compartment. 

The invention also comprises a method for controlling the pressure in a subsea com- 
pressor module, when the compressor is running, as described above said method bemg 
characterised by; 

a) compressing a wellstream gas being fed at a suction pressure into said compres- 
sor and said first compartment; 

b) discharging said gas firom the first compartment at a discharge pressure; 

c) sensing said suction and discharge pressures respectively; 



d) injecting a dry or inert gas from a supply into said second compartment at an 
injection pressure, 

wherein said injection pressure is greater than said suction pressure and said discharge 
pressure, and whereby fluid flow directly from said first compartmeait and into said sec- 
ond compartment is prevented. 

The invention comprises a method for controlling the pressure in the subsea compressor 
module as described above, when said compressor is inactive, and the method is charac- 
terised by: 

a) sensing a suction pressure in a suction line upstream of said first compartment, 

b) sensing a discharge pressure in a discharge line downstream of said first com- 
partment, 

c) injecting a dry or inert gas from a supply into said second compartment at an 
injection pressure, 

wherein said injection pressure is greater than said suction pressure or said discharge 
pressure, whichever is the higher one, and whereby fluid flow directly from said first 
compartment and into said second compartment is prevented. 

An embodiment of the present invention will now be described in more detail, with ref- 
erence to the companying drawings, where like parts have been given like reference 
numbers. 

Figure 1 is a schematic of an embodiment the system according to the invention. 
Figure 2 is a schematic of a second embodiment of the system according to the 
invention. 

Figure 3 is a schematic of a ftffther embodiment of the system according to the 
invention. 

Refendng now to the drawings, in particular Figure 1, a schematic of the system accord- 
ing to the invention is disclosed. A pressure housing 3 contains an electric motor 1, 
which is connected to a compressor 2 by means of one or more shafts 13. Both the mo- 
" tor and the compressor are equipped with magnetic bearings. Six bearings are necessary 
if the shaft 13 is a coupled shaft, i.e. one thrust bearing and two radial bearings in each 
unit, while only three bearings will be sufficient if the shaft 13 is a single shaft, i.e. one 
thrust bearing and two radial bearings for the whole compressor module. The pressure 
housing internal cavity is divided essentially into two compartments by means of a seal- 
ing element 14. This sealing element, or shaft seal, is commonly known in the art. The 
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seal 14 thus essentially divides the internal volume of the pressure housing into a first 
compartment holding the compressor 2 with magnetic bearings 12', and a second com- 
partment holding tiie electric motor 1 with magnetic bearings 12. The necessary elec- 
tronic components for controlling and monitoring the magnetic bearings are symbolised 
5 by reference numeral 16, which indicate a unit being connected to the magnetic bear- 
ings. 

Hydrocarbon (weUstream) gas at a suction pressure (ps) fed into the first compartment 
via the line 1 1 . The gas is being discharged firom the compressor at a discharge pressure 

10 ^d) when liie valve 9 is open during operation. During operation, when the compressor 
2 is compressing the valve stream gas, valve 8 is closed, while valves 7 and 9 are open. 
Hydrocarbon gas is thus flowed and compressed in a regular fashion. As mentioned 
previously, it is of great importance that the second compartment, holding the motor 1, 
comprises a dry and corrosion free enviromnent. A gas line is therefore connected to a 

15 gas supply 10 for injecting gas firom this supply iuto the second compartment. This in- 
jection of gas at pi into the second compartment is facihtated by the pressure and vol- 
ume regulator 4. The pressure and volume regulator 4 controls the injection pressure 
based on the sensed suction and discharge pressures through sensing Biies 5 and 6 re- 
spectively. In order to preventing hydrocarbon gas firom ingressing from the first com- 

20 partment and into flie second compartment, the pressure and volume regulator ensures 
that pi always is greater than the suction pressure and/or the discharge pressure. During 
a shut-down situation, valves 7 and 9 are closed off, while valve 8 is open. In certain 
transient states, tiie discharge pressure may be less than the suction pressure. HCTLce, the 
pressure and volume regulator 4 must adjust the injection gas pressure (pi) such that the 

25 injection gas pressure is greater that the suction pressure or the discharge pressure, 
which ever is the higher. 

Figure 2 discloses in principle the same system as Figure 1, but the system now has an 

altemative source of dry injection gas. In Figure 2, the inert gas from the supply 10 
30 may, when the compressor is running, be replaced by hydrocarbon gas extracted from 

the compressor outlet, cooled in the heat exchanger 60, choked in a Joule-Thomson 
^ valve 70 prior to entering a scrubber 80. This system and method is disclosed in the 

Norwegian Patent Application 20015199. In this configuration valve is 83 is shut off 

while valve 82 is open when the compressor is running. Reference numeral 81 identifies 
35 a conventional scmbber discharge line that typically feeds the collected liquid that also 

may contain particles, back to the suction side, while reference numeral 120 indicates an 

mjection line for a hydrate inhibitor (optional). 
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When the compressor is shut down, valve 82 is closed, while valve 83 is open, and the 
injection gas is from reservoir 10 and injection pressure pi controlled as earlier de- 
scribed. 

5 

An optional method for keeping the dew point of the injection gas below sea tempera- 
ture during operation, is to mix the hydrocarbon gas extracted from the compressor out- 
let with a fraction of gas from 10, sufficient to keep the dew point below sea water tem- 
perature. Hence the valve 70 can be eliminatedi and possibly also the cooler 60 and the 
10 injection line 120 and may be even the scrubber 80. 



Figure 3 is another embodiment of the invention as disclosed in Figure 1, where the first 
compartment essentially has been subdivided into a further compartment, the compres- 
15 sor is still in a first compartment while a third compartment, now defined by the shaft 
seal 15, holds a magnetic bearing 12, which is also being subjected to injection gas at 

Pi- 

As has been described above, the motor and compressor maybe connected via one or 
20 more shafts 1 3 (e.g. a single shaft or coupled shafts). Both the motor 1 and compressor 
2 are equipped with magnetic bearings 12. In the case of a coupled shaft:, six bearings 
are necessary, i.e. one thrust bearing and two radial bearings for each unit Witii at sin- 
gle shaft, three bearings are sufficient, i.e. one thrust bearing and two radial bearings for 
the whole compressor module. 

25 

The shaft seal 14 divides the pressure housing 3 into two compartments: 

(i) a first compartment enclosing the compressor 2, and 

(ii) a second compartment comprising the motor 1 and (optionally) a coupling housing. 

30 The compressor module may also be equipped with a compressor shaft seal 15 at the 
shaft end opposite to the motor side, thus forming a third compartment. 

The magnetic bearings of the compressor 2 may be placed in the first comparhnent if 
they are of the canned type, in which case compartment three is superfluous, or if it is 
35 judged favourable to have them in a dry atmosphere, they are placed in compartments 
two and three. 
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The second (and optionally the third) compartment is pressurized by a gas at pi, in order 
to prevent ingress of hydrocarbon gases from the first compartment. The gas pressurized 
at pi maybe an inert gas from the reservoir 10 or (e.g.) a dried hydrocarbon gas ex- 
tracted from the compressor outlet, heat exchanged against a coohng medium (e.g. sea- 
5 water) in the heat exchanger 60 and chocked prior to entering the scrubber 80, in accor- 
dance with the equipment and process described in Norwegian patent application 
20015199. Optionally the gas pressurised at pi may be a mix of both gases as described 
above. 

10 In operation, the compressor 2 generates a suction pressure (ps) and a discharge pressure 
(pd). Discharge pressures typically lie in the region pd = 70 bar to 150 bar, and the suc- 
tion pressure typically in the region 40 bar to 140 bar. 

In operation, valves 7 and 9 are open, while valve 8 is closed off, and pd > ps. hi order to 
15 prevent gas ingress into the second (and optional the third) compartment, the second 
compartment pressure must exceed the suction pressure, i.e.: pi > ps. 

This is achieved by the pressure and volume regulator 4, SCTLsing ps through line 5 and 
adjusting pi accordingly. 

20 

. At shut-down, valves 7 and 9 are closed off, while valve 8 is open. In certain transient 
states, Pd < ps. Hence, the regulator 4 must adjust the inert gas pressure such that pi > ps 
or pi > pd, whichever is the higher. 
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Patent claims 
1. 

A subsea gas compressor module having a pressure housing (3) which comprises: 
an electric motor (1) and a compressor (2), drivably connected by at least one shaft (13); 
said compressor and motor being mutually isolated by at least one seal (14), thereby 
dividing said pressure housing (3) into a first and a second compartment comprising the 
compressor and motor, respectively; 

characterized in that 
- said at least one shaft is supported by magnetic bearings (12) controlled by a control 
unit (16), said control unit being placed externally of said pressure housing, and con- 
nected to said magnetic bearings by means of wire connections or subsea mateable con- 
nectors. 

2. 

The gas compressor module of claim 1, 

characterized in that 
said pressure housing is oriented vertically 

3. 

The gas compressor module of claim 1, 

characterized in that 
said motor is placed above said compressor, wherein said second compartment is lo- 
cated above said first compartment. 

4. 

A subsea gas compressor module having a pressure housing (3) comprising a sealing 
element (14), generally defining within said pressure housing a first compartment hold- 
ing a compressor (2) and a second compartment holding an electric motor (1), said 
compressor and motor being drivably connected by at least one shaft (13); said first 
compartment being connected to an inlet line (1 1) and an outlet line for receiving gas 
and discharging gas, respectively; said inlet and outlet lines comprising respective val- 
ves (7, 9) for closing said lines, characterized by 

- magnetic bearings (12) in said second compartment and magnetic bearings (12') in the 
first compartment for supporting said at least one shaft; 

- a pressure and volume regulator (4) fluidly connected to said second compartment and 
to a gas supply (10;11) of gas and comprising means for sensing respective pressures in 



said inlet and outlet lines; whereby, based on the magnitude of said sensed pressure, the 
pressure and volume regulator controls the pressure at which gas from said supply is 
injected into said second compartment. 

5 5. 

The gas compressor module of claim 4, 

characterized in that 
said first compartment is subdivided into a third compartment by means of another seal- 
ing element (15), comprising another bearing (12). 

10 

6. 

The gas compressor module of claims 4 and 5, 

characterized in that 
said pressure and volume regulator also is connected to said third compartment, 
15 whereby, based on the magnitude of said sensed pressure, the pressure and volimie 
regulator controls the pressure at which gas from said supply is injected into said third 
compartment. 

7. 

20 The gas compressor modiile of claims 4 and 5, 

characterized in that 
said seahng elements (14, 15) are shaft seals associated with said shaft (13). 

8. 

25 The gas compressor module of claims 4 — 7, 

characterized in that 
said gas supply (10) is an inert gas supply, whereby inert gas is injected into said second 
compartment. 

30 9. 

The gas compressor module of claims 4 - 7, 

characterized in that 
said gas supply (1 1) is a well stream, and hydrocarbon gas is extracted from the com- 
pressor outlet, passed through a heat exchanger (60), a choke valve (70), a scmbber 
35 (80), whereby dried hydrocarbon gas is injected into said second compartment. 
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10. 

The gas compressor module of claims 4-7, 
characterized in that 

the hydrocarbon gas extracted from the compressor outlet is mixed with a fraction 
5 inert gas, in order to keep the dew point below that of the cooling medium. 
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11. 

The gas compressor module of claim 4, 

characterized in that 
said fluid is composed of a mix of inert gas and hydrocarbon gas, with a proportion of 
inert gas to make the dew point of the mix suitable to avoid condensation, preferably 
below sea water temperature at all modes of operation or shut-down. 

12. 

A method for controlling the pressure in a subsea compressor module according to 
claims 1 or 4, comprising: 

a) compressing a \yell stream gas being fed at a suction pressure (ps) into said 
compressor (2) in said first compartment; 

b) discharging said gas from the first compartment at a discharge pressure (pd) 

characterized by 



■ c) sensing (4, 5, 6) said suction and discharge pressures 
d) injecting a dry or inert gas from a supply (10; 11) mto said second compart- 
25 ment at an injection pressure (pi), 

wherein said injection pressure is greater than said suction pressure and said discharge 
pressure, and whereby fluid flow directly from said first compartment and into said sec- 
ond compartment is prevented. 
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A method for controlling the pressure in a subsea compressor module according to 
claims 1 or 4, when said compressor (2) is inactive, 
characterized by 

a) sensing (4, 5, 6) a suction pressure (ps) upstream of said first compartment; 

b) sensing (4, 5, 6) a discharge pressure (pd) downstream of said first compart- 
ment; 
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c) injecting a dry or inert gas from a supply (10; 1 1) into said second compart- 
ment at an injection pressure (pO, 
wherein said injection pressure is greater than said suction pressure and said discharge 
pressure, and whereby fluid flow directly from said first compartment and into said sec- 
ond compartment is prevented. 

14. 

The method of either claims 12 or claim 13, 
characterized in that 

said dry or inert gas is injected at an injection pressure into a third compartment defined 
by a sealing element (15). 

15. 

The method of either claims 12 or claim 13, 

characterized in that 
said gas supply (10) is an inert gas supply, whereby inert gas is mjected mto said second 
compartment. 

16. 

The method of either claims 12 or claim 13, 

characterized in that 
said gas supply (1 1) is a weU stream, aad hydrocarbon gas is extracted from the com- 
pressor outlet, passed through a heat exchanger (60), a choke valve (70), a scrubber 
(80), whereby dried hydrocarbon gas is injected into said second compartment. 



Abstract 
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A subsea gas compressor module having a housing comprising a sealing element (14) 
generally defining within said pressure housing at first compartment holding a compres- 
sor (2) and a second compartment holding an electric motor (1). said compressor and 
motor being driveably comiected by at least one shaft (13). The first compartment is 
comiected to an inlet hne (1 1) and an outlet line for sealing hydro carbon gas and for 
discharging gas. The second compartment comprises magnetic bearings (12) for sup- 
porting said at least one shaft, and a pressure and volume regulator is fluidly connected 
to said second department and a gas supply (5; 1 1) of gas, and comprises means for 
sense in respective pressures in the inlet and outlet lines were by, based on a magmtude 
of said sense pressure, the pressure and volume regulator controls the pressure at which 
gas is injected into said second compartment. The subsea gas compressor module is for 
ever characterised in that at least one shaft is supported by magnetic bearings controlled 
by control unit (16), where the bearings and control unit are placed in at least one pres- 
sure housing comprising a fluid having a controlled pressure, whereby said beanng and 
control unit are protected firom the ingress of the sea water. 
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